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L 1931, one of the founding fathers of American allergy research, Francis 
M. Rackemann, .wrote the following lines: “The situation is somewhat anal- 
ogous to that of a loaded gun. A good deal of knowledge is being obtained 
about the great variety of triggers (extrinsic and intrinsie causes) which fire 
the charge; but why is the gun loaded? And what constitutes this load?’”* 

These questions refer to the fact that only a minority of the total popula- 
tion shows some form of atopic hypersensitivity despite that, by and large, 
identical conditions of antigenic exposure must be presumed to exist for all 
members of the same population.» * The nature of the atopic abnormality in 
bronchial asthma (or in any other manifestation of atopic allergy), which 
determines that only a relatively confined segment of a given population 
shows asthmatic reactivity, ie. is affected pathologically, is as yet unex- 
plained, but it has been traditionally approached through immunological 
concepts. : 

These concepts derive from an association of a physiochemieally and bio- 
logically distinct antibody, the reagin, with this disorder, and the production 
and unusual reactivity of this type of antibody is thought to account for the 
atopic abnormality in asthma.* However, as has been extensively discussed,* 
immunological concepts cannot easily account for some of the significant facts 
surrounding this disease. 

Therefore, based on model experiments and other considerations, an alter- 
native to the classical concept, which came to be known as the beta adrenergic 
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theory of bronchial asthma, has been postulated and presented by this author 
in early 1962, and on subsequent occasions.”"° Basic scientific and clinical 
investigations relative to this theory have not progressed sufficiently to estab- 
lish its validity. Nevertheless, the rapidly growing interest in our approach 
and the inescapable confusion which accompanies any new theoretical develop- 
ment make it my eminent responsibility to present this first comprehensive 
account of the theory which has been advanced. 


SCOPE AND APPROACH 


This paper proposes to concern itself with the developmental background of 
the beta adrenergic theory, what the theory states, the presently available sup- 
portive evidence, and how it may explain the most consistently characteristic 
features of this disease. 

An understanding of these principal aspects of the theory requires prior 
knowledge of some recent advancements in the biochemistry of adrenergic action 
in the physiopharmacology of infection, as well as additional information usually 
outside the sphere of interest of allergists or immunologists. Therefore, an at- 
tempt will be made to review and organize this information into a pattern which 
is expected to meaningfully serve the purpose of this article. 

In the ensuing discussion, no attempt will be made to consider separately the 
two clinically recognized types of bronchial asthma, i.e., the ‘‘extrinsic” and 
“intrinsic” types, since both appear to share essentially the same physio- 
pathological features. In fact, bronchial asthma will be regarded not as a ‘‘syn- 
drome’”’ but as a ‘‘disease’’ which, regardless of the potentially differing 
nature of the triggering event in any given case, has only one common under- 
lying pathogenesis. Furthermore, we shall proceed on the traditional assump- 
tion that bronchial asthma belongs in the class of the so-called ‘‘immediate 
type’’ hypersensitivities, i.c., in a group of conditions in which the clinically 
manifested response is mediated by immunologically released and pharma- 
cologically active agents. 


THE PHARMACOLOGICAL MEDIATORS OF ANTIGEN-ANTIBODY RESPONSES 


The pharmacological mediators which are currently considered to be involved 
in immediate type hypersensitivities can be arbitrarily separated into two 
groups: (1) three small chemically defined compounds: histamine, serotonin, 
and acetylcholine, and (2) a group of larger compounds, the so-called slow- 
reacting substances and plasma kinins. 

In addition, the catecholamines (epinephrine, ete.) may be considered a third 
group of mediators of the allergic response. Their inclusion is justified since each 
of the first group and most of the plasma kinins release, or are capable of releas- 
ing, the catechols.‘*?’ Thus, the latter are at least potential participants in the 
allergic reaction. Although in this capacity, in contrast to the other mediators, 
they usually have no untoward effect, under certain conditions their entry into 
the reaction may be harmful.* 18 In many tissues of most species the cate- 
cholamines are the principal natural antagonists of the first two groups of 
mediators and thus play a major role in determining the nature of ultimate 
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reactivity of the target cells to these immunologically or otherwise released sub- 
stances.* 

There is much disagreement regarding the relative importance of any one 
of the ahove mentioned pharmacologic mediators in immediate type hyper- 
sensitivities in general, and in bronchial asthma in particular. Opinions differ 
even further on the question of what other potentially important active sub- 
stances are involved in any of the immediate type hypersensitivities.1! Nonethe- 
less, whatever the relative importance of any one of the established or suspected 
mediators may be, for our purpose here the important point is that the cate- 
cholamines are to be considered among the pharmacologic mediators of the 
allergic response. 


THE CATECHOLAMINES 


The term ‘‘eatecholamine”’ refers generically to all compounds containing a 


catechol nucleus (a benzene ring with 2 adjacent hydroxy groups, ie., dihy- 
droxybenzene which is also known as ‘‘eatechol’’) and an amine group (Fig. 1). 
To date, 4 catecholamines have been positively identified in mammals: epine- 
phrine, norepinephrine, dopamine, and N-methyl epinephrine.’ Isopropylnor- 
epinephrine (the “natural” isoproterenol?) was also said to be detectable in 
adrenal medullary cells'* and to be released on stimulation of bronchial nerves." 
It is now believed that this substance is not isopropylnorepinephrine but an 
undefined active metabolite of norepinephrine.*! 

Two such compounds, epinephrine and norepinephrine, are synthesized as 
well as secreted by mammalian cells and have important functions in neuro- 
endocrine integration, the first primarily as a hormone and the seeond as a 
neurotransmitter at both peripheral and central levels.® 
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Fig. 1 

The upper part of the figure shows the catechol nucleus. Below that the basic structure of 
catecholamines, consisting of a catechol] nucleus and a side-chain, can be seen. The struc- 
ture permits substitutions to be made on the aromatic ring and the alpha- and beta-carbon 
atoms, as well as the terminal amino group, to yield a great variety of compounds with 
adrenergic activity. 
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THE RECEPTOR AS THE PHARMACOLOGICALLY SPECIFIC 
TARGET-CELL COMPONENT OF CATECHOLAMINE ACTION 


Following release or exogenous administration, the catecholamines elicit their 
characteristic cffect through the activation of certain cells which are their 
specific targets and ean, therefore, be called ‘‘target cells.” A target cell can be 
further defined as one which is endowed with a receptive substance (a ‘“recep- 
tor’’) possessing a site with a steric configuration complementary to the amine. 
Due to its natural affinity, the released or administered amine combines with the 
complementary receptor site, thereby initiating a chain of biochemical reactions 
of largely undetermined nature culminating in the observable adrenergie end- 
response. Thus, activation of the target cell requires a primary combination be- 
tween amine and receptor, and therefore it is the reeeptor which should be 
regarded as the pharmacologically specific component of the target. cell. 

Sinee none of the adrenergic receptors have been conclusively identified so 
far, it is difficult to select adequate descriptive terms for them. Conventionally, 
therefore, they are designated either by the effector response resulting from 
their activation, by the relative potencies of different sympathomimetie amines 
acting on a variety of effectors, or by their specific blocking agents. 

On this basis, there appear to be 2 principal types of adrenergic receptors, 
termed alpha and beta.** The adrenergic functions currently associated with 
each of these receptors are listed on Table I. At present, this classification seems 
to leave many areas of adrenergic aetivity unexplored, and there are adrenergic 
responses which cannot be easily integrated into these 2 eategories.?*-?? Neverthe- 
less, the dualistic receptor classification of Ahlquist has been, and continues to 
be, an extremely useful approximation of adrenergic action. 

The alpha adrenergic receptors ean be blocked by various representatives of 
the ergot alkaloids, haloalkylamines (i.e., Dibenamine, phenoxybenzamine), 
benzodioxans, and imidazolines, ete. The beta adrenergic receptors can be blocked 
by dichloroisoproterenol (DCI), pronethalol (nethalide, Alderlin), propranolol 
(Inderal), M.J-1999, (4-[2-isopropylamino-1-hydroxyethyl] methane sulfon- 
anilide hydrochloride), MJ-1998 (4-[2-methylamino-1-hydroxypropyl] methane 
sulfonanilide hydrochloride), and others. Among the catecholamines, norepi- 
nephrine acts mainly on alpha receptors, isoproterenol acts almost exclusively 
on beta receptors, while epinephrine possesses dualistic action. 


ADENYL CYCLASE AS THE BETA ADRENERGIC RECEPTOR 

Although the adrenergie receptors have had these names for many years we 
are only just beginning to get acquainted with their fundamental nature, at 
least as far as the beta receptor is concerned. Important advanees have been 
made with chemical,?® 27 biochemical,?**! and eleetrophysiological methods,** * 
and from these combined approaches a general picture of the beta receptor is 
emerging which implies that it is an enzyme, the so-called adenyl cyclase. 

Adenyl cyclase is present in all animal cells examined to date, with the ex- 
ception of nonnucleated erythrocytes." It has been localized to the cell mem- 
brane in 2 types of eells, ie, in avian erythrocytes and rat liver cells.3* %° 
However, this location of the enzyme may not necessarily be on or in the mem- 
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Table |. Functions associated with each of the adrenergic receptors 


Alpha receptor Beta receptor 


Lung 


Blood vessels 


Heart 


Eye 


Stomach 


Intestine 


Urinary bladder 


Others 


Bronchial contraction 


Vasoconstriction 
(skin and mucosa, 
abdominal viscera,* 
cerebral, 
pulmonary, 

renal, 

salivary glands) 


Myocardial ectopic excitation 
(cyclopropane anesthesia ) 


Tris-dilator contraction (mydriasis), 
nictitating-membrane contraction 


Contraction of sphincters 


Decrease in motility and tone, 
contraction of sphincters 


Contraction (Trigone and sphincter) 


Myometrial contractiont 

(rabbit, dog, human, etc.), 

pilomotor contraction, 

localized “adrenergic sweating,” 
splenic capsule contraction, 
production of thick, viscous secretion 
by salivary glands, 

hepatic glycogenolysis (?) 


Free fatty acid mobilization (?) 


Bronchial relaxation 


Vasodilatation 
(skeletal muscle, liver* ) 


Cardioacceleration (S-A node) 
augmentation of atrial contractility 
and conduction velocity 
Augmentation of ventricular con- 
tractility, conduction velocity, 
automaticity, and rate of idiopathic 
pace-makers 


Ciliary muscle relaxation 
(for far vision) 


Decrease in motility and tone 


Decrease in motility and tone 


Relaxation (Detrusor) 


Myometrial relaxation+ 
(rat, nonpregnant cat, human, etc.) 


Eosinopenia 


Muscle glycogenolysis, 
inhibition of peripheral glucose 
uptake, 

free fatty acid mobilization (?) 


*Following physiologic concentrations of epinephrine, vasodilation predominates in skeletal 


muscle and liver, and vasoconstriction in other abdominal viscera. 
t+Response. depends on amount of circulating estrogen and progesterone, and other factors. 


brane per se, but it is perhaps a component of a specialized organelle related to 
the membrane (ie., in rabbit skeletal muscle celis).?* Concerning its chemical 
nature, indications are that it may be a lipoprotein.” Such cellular location and 
chemical nature, as well as the facet that its activation appears to be the earliest 
chemical manifestation of adrenergic action, are all in harmony with the classical 
concepts of receptors. Likewise, its activation by catecholamines parallels the 
characteristic order of potency which has been found to apply to the activation 
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Schematic representation of the biochemical pharmacology of adrenergic action. 


of the hypothetical beta receptor. Thus, isoproterenol is considerably more 
potent than epinephrine in activating adenyl cyclase, while epinephrine is more 
effective than norepinephrine.** 

In the presence of magnesium ions, the adrenergically activated adenyl 
eyclase catalyzes the formation of a ecyelic nucleotide (and inorganic pyrophos- 
phate) from adenosine triphosphate (Fig. 2). This cyclic nucleotide, adenosine- 
3’,5’-phosphate (eyelic 3’,5’-AMP), is a mononucleotide of adenylie acid with 
the phosphate group diesterified at carbons 3’ and 5’ of the ribose moiety. 
Cyclic 3’,5’-AMP is destroyed by a phosphodiesterase, specific for mononucleotide 
3’,5’-bonds, which converts it to 5’-AMP. 

Thus, the catecholamine-adenyl eyelase interaction results in the formation 
of cyclic 3’,5’-AMP, which then functions as an intracellular mediator of 
catecholamine action by modifying enzyme activities and permeability barriers. 
In this regard, glycogenolysis and lipolysis are the 2 areas of catecholamine 
activity in which the mediating role of cyclic 3’,5’-AMP has been studied in 
detail. It has been established that eyeclie 3’,5’°-AMP converts inactive phos- 
phorylase to active phosphorylase, which in turn causes the breakdown of 
glyeogen to glucose-6-phosphate.** In the liver, glucose-6-phosphatase converts 
the latter substance to glucose which is then released into the extracellular space. 
Glucose-6-phosphatase is not present in the muscle cell, and glucose-6-phosphate 
is anaerobically metabolized to lactic acid causing an inerease in blood lactate 
level. Nevertheless, as in the liver, cyclic 3’,5’-AMP induces glycogenolysis also 
in the muscle with the resultant intracellular accumulation of glucose-6-phos- 
phate and noncompetitive inhibition of glucose phosphorylation. Since phos- 
phorylation is required for the entry of glucose from the extracellular to the 
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intracellular space, the rate of entry of glucose into muscle will be reduced. 
Thus, hyperglycemia following epinephrine is the result of 2 simultaneously 
occurring adrenergic effects: (1) hepatic glycogenolysis resulting in the release 
of glucose, and (2) muscle (and other extrahepatic) glycogenolysis resulting in 
the inhibition of the peripheral uptake of excess glucose. In addition to phos- 
phorylase, cyclic 3’,5’-AMP also activates a specific lipase in adipose tissue which 
then causes lipolysis of triglycerides. Release of free fatty acids from adipose 
tissue then increases the blood level of fatty acids.*® *° 


THE RELATIONSHIP BETWEEN THE BIOCHEMICAL 
AND MECHANICAL EFFECTS OF CATECHOLAMINES 


The previously mentioned effects of catecholamines on the carbohydrate 
chemistry of muscle cells, which form the greater portion of adrenergically in- 
nervated cells, have led to attempts to relate these effects to changes in the 
mechanical reactivity of the adrenergic target cells. 

This field of investigation apparently finds itself in the same difficult position 
as do other areas of biological research which attempt to deal with the links 
between the chemical reactions which provide energy and the functional ap- 
paratus which directs its use. Indeed, several biochemical mechanisms have been 
proposed to explain the mechanical (contracting or relaxing) effects of catechol- 
amines on muscle cells,** 3* 41 but none of these theories has yet been experi- 
mentally established as a satisfactory interpretation of the biochemical mediation 
of adrenergically induced muscular activity. 

Most recent evidence strongly indicates, however, that relaxation of uterine 
smooth muscle to catecholamines is in fact mediated by the adenyl cyelase-3’,5’- 
AMP system.*? For the purpose of this paper, the significance of this finding is 
that smooth muscle relaxation following epinephriné does in fact appear to be 
linked with a chain of biochemical events initiated by the activation of adenyl 
eyclase, accumulation of 3’,5’-AMP, and subsequent glycogenolysis. 


THE TWO EXPERIMENTAL MODELS FOR THE INVESTIGATION OF THE 
NATURE OF THE ATOPIC ABNORMALITY IN BRONCHIAL ASTHMA 


An examination of how these biochemical and pharmacologic advancements 
may influence our thinking on asthma will have to revolve around the already 
mentioned key problem of this disease, which is the elusive nature of the atopic 
abnormality. Historically, the interpretation of the symptomatology and the 
underlying reaction sequence of asthma was patterned after those of the anaphy- 
lactic guinea pig.*? True enough, like most of the immediate group of hyper- 
sensitivities, including anaphylaxis, many of the manifestations of asthma are 
mediated by immunologically released and pharmacologically active substances. 
However, in anaphylaxis we appear to be dealing with a normal antibody 
response to an unnatural exposure to antigen, whereas in asthma an abnormal 
antibody response to natural antigenic exposure is believed to be involved.* 
Anaphylactie reactivity of the sensitized guinea pig depends on the immunologic 
release of an amount of pharmacological mediator sufficient to be toxic for every 
member of the same species. In contrast, asthmatic persons possess an abnormal 
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reactivity to otherwise nontoxic concentrations of endogenously released or 
exogenously administered pharmacologic mediators (for details see Szentivanyi 
and Fishel*). 

Another essential difference is the major contributory role played by respira- 
tory infection in asthma, whereas infection has not been shown to be causally 
related to anaphylaxis, the Arthus reaction, or serum sickness. The latter condi- 
tions are produced artificially, but asthma cannot be induced at will. Conversely, 
asthma can be precipitated by a number of unrelated stimuli, whereas anaphy- 
laxis of sensitized guinea pig can be brought about only by the specifie antigen. 

Therefore, experimental anaphylaxis cannot be used as a laboratory model 
for the investigation of the nature of the atopic abnormality in bronchial asthma. 
On the other hand, it was felt that no significant progress could be expected 
in the elucidation of this abnormality unless there is at our disposal a meaning- 
ful, artificially producible, and controllable laboratory model in which such ab- 
normal mechanisms can be investigated. 

In searching for a model we were led by the premise that, if it is to be 
meaningful, the model must be able to imitate not only the immunologic but 
also the pharmacologic abnormality of the asthmatic state. The latter is mani- 
fested against substances which, in mammalian physiology, serve as the natural 
chemical organizers of autonomic action. It seemed likely, therefore, that an 
altered reactivity to these agents could be most effectively produced through 
some alteration of normal autonomic regulation significant enough to result in 
an autonomic imbalance. 


The first model: The hypothalamically “imbalanced” anaphylactic guinea pig 


With Prof. G. Filipp, our first attempts to.establish a more meaningful ex- 
perimental counterpart of the atopic state were made in the years of 1952 to 
1958 by studying hypothalamically ‘‘imbalanced’’ anaphylactic guinea pigs.**** 
51-55 The rationale behind this approach was as follows: 

There are 2 reciprocally antagonistic divisions in the hypothalamus: the 
anterior hypothalamus, which mediates mainly parasympathetic responses, and 
the posterior hypothalamus, the stimulation of which results chiefly in sym- 
pathetic responses. Because of this arrangement, the hypothalamus appears to 
be a central level of autonomic organization which still permits a fair degree of 
separation between parasympathetic and sympathetic representations. A func- 
tional balance between these antagonistic divisions is thought to be important 
in maintaining normal autonomic functions. 

By electrolytic removal of one division or electric stimulation of the antago- 
nistic division, it was possible to profoundly alter the anaphylactic reactivity 
of guinea pigs both immunologically and pharmacologically. Similar experiences 
have been reported later by Gellhorn,** Korneva and Khai,** and Luparello and 
associates.57 Thus, both from the immunologic and pharmacologic standpoints, 
the conditions so produced more closely approximated those of the human atopic 
state than anaphylaxis does. Nevertheless, it was felt that the artificial 
state of such a surgically induced hypothalamic imbalance is far removed from 
that natural setting (involving various inherited and/or acquired factors) which 
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may surround the development of an asthmatic state. In order to imitate more 
closely those naturally oecurring conditions, some of which, i.e., infection, may 
conceivably serve as a developmental background for asthma, it was felt that 
the Bordetella pertussis-induced hypersensitive state may serve as a more appro- 
priate model. 


The second model: The Bordetella pertussis-induced hypersensitive 
state of mice and rats 


Injection of living or killed Bordetella pertussis organisms into certain strains 
of mice and rats modifies the normal responses of these animals to a number of 
various stimuli. 

With Prof. C. W. Fishel and Prof. D. W. Talmage, a systematic analysis of 
these altered responses was started at the University of Colorado School of 
Medicine in 1961, and it is still being intensely pursued. The possible applic- 
ability of the results of these investigations to bronchial asthma is implied by 
the following principal features of the B. pertussis-induced altered responsive- 
ness : 

1. Hypersensitivity to endogenously released or exogenously administered 
histamine, serotonin, bradykinin,**° and at least in one strain, to acetylcholine.*! 

2. Hypersensitivity to less specific stimuli such as cold, changes in atmo- 
spheric pressure, respiratory irritants, ete.o-* 

3. In sharp contrast with the aforementioned increased sensitivities, a re- 
duced sensitivity to catecholamines and, concerning some metabolic parameters, 
a reversal of normal adrenergic activity... % 7653 

4, Enhanced antibody formation in general (adjuvant activity), and facili- 
tated production in quantity of antibodies not ordinarily induced by antigenic 
stimulation. These antibodies exhibit many of the features peeuliar to atopic 
reagin and are thought to represent its animal counterpart.**** 

5. Presence of a marked eosinophilia.” 

The eritical advance in our experiments, paving the way for a meaningful 
analogy to bronchial asthma, has been the finding that the hypersensitivity of 
the pertussis-sensitized mouse to pharmacological mediators may be due to an 
acquired imbalance of the 2 adrenergic effector systems, ic., to a reduced 
functioning of the beta reeeptors or of some of the reactions between receptor 
activation and adrenergie end-response. In particular, the deprivation of the 
normal beta adrenergie inhibition of peripheral (extrahepatic) uptake of glucose 
appears to be instrumental in the production of the hypersensitivity to the 
various pharmacological mediators. In addition, this inereased rate of entry of 
elueose may well be the biochemical explanation for the pertussis-induced alter- 
ations of the immune response. 1 1% 76-88 


THE PRINCIPAL TENETS OF THE BETA ADRENERGIC THEORY 


Based on the above experiments and other considerations, the beta adrenergic 
theory regards asthma not as an ‘‘immunological disease’? but as a unique 
pattern of bronchial hyperreactivity to a broad spectrum of immunological, 
psychic, infectious, chemical, and physical stimuli. This view gives to the anti- 
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gen-antibody interaction the same role as that of a broad category of non- 
specifie stimuli which function only to trigger the same defective homeostatic 
mechanism in the various specialized cells of bronchial tissue. 

Activation of the same defective mechanism by such a broad spectrum of 
unrelated triggers is believed to be made possible by the unusual character of 
the class of allergic mediators as a biologically distinct category of natural sub- 
stanees. This refers to the facet that the pharmacological mediators of antigen- 
antibody responses, when viewed from the standpoint of their probable physio- 
logic function, are among those substances which are thought to be the natural 
chemical organizers of autonomic action, that is, of homeostatic econtrol.* 7! Con- 
sequently, regardless of the immunological or nonimmunologieal nature of the 
triggering event, mainly the same mediators would be expected to be involved. 

Homeostatic adjustment to these influences requires, among others, mobiliza- 
tion of the adrenergic neurotransmitters (catecholamines) and their balanced 
(uninhibited) interaction with the 2 major adrenergic effector systems. The 
theory postulates that the atopic abnormality in asthma lies in the reduced 
functioning of one of these 2 antagonistic systems, the beta adrenergie system, 
irrespective of what the triggering event may clinically be in a particular case 
(immunological, infectious, psychic, ete.). In this situation, the adrenergic neu- 
rotransmitters are released in the face of a relatively unavailable beta effector 
system, and the resultant adrenergic imbalanee deprives the bronchial tissue 
from its normal counter-regulatory adjustment. 

The most eritical component of this malfunctioning effector system, the beta 
adrenergic receptor, is currently being identified with an enzyme, the adenyl 
eyelase. It follows, therefore, that the fundamental abnormality common to all 
asthmatic persons may be an inherited or acquired enzyme deficiency, that is, a 
relative unavailability of the enzyme because of its redueed synthesis, partial 
blockade, or produetion of defective enzyme molecules incapable of binding the 
adrenergie neurotransmitter. 

Progression of the disease process from a subelinical to a clinical form con- 
ceivably requires the operation of a preparatory and a triggering factor, At 
first, the enzymatic abnormality must be extensive enough to set the stage for 
the development of a functional imbalance. This might occur, for instance, with 
massive saturation of the receptor-binding sites in the course of a chronie sub- 
clinical upper respiratory infection. Secondly, there may be a triggering event 
powerful enough to result in an extensive and prolonged increase in the rate of 
firing of adrenergic neurons or in the massive release of catecholamines from 
extraneuronal stores. Such an event would conceivably make the latent abnor- 
mality clinically manifest. Nevertheless, the preparatory and triggering factors 
need not be separate or unrelated entities. A stressful acute upper respiratory 
infection, for example, could serve in both capacities. 

While this article is focused on the nature of atopic abnormality in bronchial 
asthma, it is apparent. that the same considerations may apply to other clinical 
manifestations of atopie allergy. As mentioned earlier, with the exception of 
nonnucleated erythrocytes, the adenyl eyvelase system was found to be present 
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in all animal cells examined to date. Its ubiquitous character suggests, therefore, 
that the ultimate clinical manifestation of the fundamentally same atopic ab- 
normality will be determined by the type of cell primarily involved, that is, by 
the specialized cell system of the multicellular organism which harbors primarily 
the postulated enzymatic abnormality (cells of bronchial tissue versus those of 
nasal mucosa, skin, or gastrointestinal tract). 


THE SIGNIFICANT FACTS TO BE ACCOUNTED FOR BY ANY THEORY OF 
THE ATOPIC ABNORMALITY IN BRONCHIAL ASTHMA 


Ideally an examination of evidence supporting the hypothesis just described 
should proceed following a clear and valid definition or characterization of the 
disease state itself. The latter may be defined on the basis of its established 
cause, functional or morphologic characteristics, or clinical manifestations. The 
cause of asthma is not known, and no single manifestation or combinations of 
crileria permit its precise definition at present. The term ‘‘asthma”’ is rarely 
used with the same connotation or defined in the same way by different authori- 
ties. Nevertheless, it is possible to assemble the most consistently prominent 
characteristics of this condition, and such a combination of eriteria may be used 
as an analytical guide. Thus, it scems that any interpretation of the atopic 
abnormality in bronchial asthma will have to aecount for the following sig- 
nificant facts surrounding this condition: 

1. The principal components of the pathophysiology of bronchial obstruction 
(smooth muscle spasm, edema, mucus hyperseeretion, ete.). 

2. The pharmacological abnormality. 

3. The immunological abnormality. 

4. The primary involvement. of the bronchial tissue (the concept of the 
‘“shoek organ’). 

5. Close association with respiratory infection. 

6. Eosinophilia of common occurrence. 

7. Increased tolerance to epinephrine. 

8. Eminent therapeutie effectiveness of agents which are capable of restoring 
adrenergie action. 

9. Susceptibility to a variety of unrelated precipitating factors. 


The principal components of the pathophysiology of bronchial obstruction 


The asthmatic episode is a disorder of paroxysmal labored breathing caused 
by an obstructive process in the bronchial tree. The characteristic wheezing and 
hyperinflation which occur reflect the obstructive process taking place, which in 
turn appears to be caused by a combination of bronchospasm, edema of the 
bronchial wall, and formation of thick tenacious plugs in the bronchial lumina.4 
By and large, the pathology of asthmatie obstruction ean be explained by the 
normal effects of the immunologically or otherwise released pharmacological 
mediators. Two reasons, however, make it necessary to consider bronchial ob- 
struction in the beta adrenergic frame of reference. First, asthma is distinguished 
not only by the release of these active agents but also by an enormously in- 
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Hypothetical schema of asthmatie responses to catecholamines under conditions of the 
postulated beta adrenergic blockade. Note the loss of adrenergic bronchodilator activity 
with subsequent prevalence of bronchial and venous constriction leading to airway obstruc- 
tion. 


creased bronchial reactivity to the released mediators.> Second, it must be 
examined whether the beta adrenergic theory can accommodate the types of 
alterations which are believed to make up the pathology of obstruction. 

From what has been said on the dualistic receptor classification theory be- 
fore, it is easy to see that if at the time of action of the endogenously released 
or exogenously administered catecholamines there is a shift in the relative 
availability of their two functionally antagonistic sets of specific receptors, the 
normal response to catecholamines will be quantitatively and qualitatively 
altered. For instance, in the bronchial tree the normal balance between the alpha 
adrenergic and beta adrenergic receptor systems appears to favor a beta adren- 
ergic response, i.e., a relaxation of bronchial smooth musculature to epinephrine. 
If, however, the beta adrenergic receptors are blocked by a beta blocker, bron- 
choeonstriction oceurs instead of the usual relaxation.** *° The possible impli- 
eation of such an epinephrine reversal to asthmatic bronchospasm is obvious. 

In the normal dog, both electric stimulation of the sympathetic accelerator 
herve and injection of epinephrine or norepinephrine directly into the bronchial 
artery causes relaxation of the bronchial musculature but congestion of the 
bronchial mucosa by constriction of the bronchial veins.** Under circumstances 
of reduced bronchodilator activity of the catechols, it is possible that these vas- 
cular effects become more prominent and contribute to the development of edema 
(Fig. 3).87 But even as far as the arterial portion of the mucosal vessels is con- 
cerned, it is known that exaggerated mucosal vasoconstriction is usually followed 
by the typical rebound, leading in essence to bronchial congestion and edema.** 

In discussing vascular effects, the so-called fibrinoid degeneration of con- 
nective tissues and blood vessel walls, detectable occasionally also in asthmatic 
pulmonary tissue, can be duplicated by experimentally induced adrenergic im- 
balance (beta deficit or alpha dominance) through the production of inordinately 
severe arterial constrictions.®°-°* Regional decreases in pulmonary arterial blood 
flow during acute asthmatic attacks®® and development of reversible segmental 
atelectasis®’? may also be compatible with such an adrenergic derangement. This 
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possibility may be indicated by findings implying that the adrenergic function 
receptor relationship in different vascular regions or in different portions of the 
regionally same vascular bed may be reversed®* *® or that different vaneular 
segments may react independently to the same stimulus.’ 

No conclusive information is available as to whether bronchial secretion is 
inhibited by catecholamines,®* and if it is, what is the receptor association of the 
effeet or how may such an influence alter the normal secretion qualitatively. At 
this point, therefore, there is no way of knowing whether the abnormal bron- 
chial seeretions which oceur in asthma can be integrated into the beta adrenergic 
theory. 


The pharmacological abnormality 


Asthmatic persons show a marked bronchial hypersensitivity to the endog- 
enously released or exogenously administered pharmacological mediators of 
antigen-antibody responses even when the patient is completely asymptomatic 
at the time of testing (for a detailed discussion of the literature, see Szentivanyi 
and Fishel’ and Szentivanyi and Katsh™). The cause of this hypersensitivity is 
not known, but available evidenee indicates that it is not due to an impairment 
in the normal rapid detoxification of these agents or to some other abnormality 
in their metabolism.7°*"** Nor is it likely that this hyperreactivity is related 10 
an enhaneed histidine decarboxylase activity as postulated earlier,!*’ since in 
animal experiments a marked increase in the enzymatic activity was shown to 
coexist with a normal sensitivity to pharmacological mediators.*” * 

Conversely, the evidence is unequivocal that pharmacological blockade of the 
beta adrenergic receptors is capable of inducing a hypersensitivity to histamine, 
serotonin, acetylcholine, bradykinin, and slow-reacting substance, regardless of 
whether these agents were released (formed) endogenously or administered 
oxogenously.® 1 18 6 76-79, 104-107, 135 Al] laboratory species which have been tested 
so far, i.e., mouse, rat, guinea pig, cat, and dog, were shown to be susceptible to 
sensitization by beta blockade, and such activity was found to be possessed by 
all the currently available specific beta blockers. Although within the same 
species there are substantial strain differences in susceptibility, it was found that 
a combination of beta blockade and of various procedures, conceivably resulting 
in additive blockade of beta or simultaneous stimulation of alpha, could invari- 
ably break strain resistance to sensitization.”® Conversely, protection of susecep- 
tible strains was obtained through interventions known to protect beta receptors 
against development of a blockade, to bypass, or to eliminate an already estab- 
lished one. While alpha blockers did not show sensitizing activity, such prop- 
erties of beta blockers were shown to be unrelated to their nonspecific effects, at 
least to those which have been documented so far. Likewise, no correlation was 
found between the antihistaminic-antiserotonin and the protective activities of 
alpha blockers against pertussis-induced hypersensitivity,” i.c., a condition 
which is currently considered to be caused by a beta blockade. Of further 
importanee is the fact that sensitization by beta blockade is still effective after 
pithing the spinal cord and eutting the cervical vagus nerves. Also, the glycemic 
abnormality, whieh at present is believed to be the mediating mechanism of the 
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pharmacological hypersensitivity, can be reproduced in vitro by beta but not by 
alpha blockers.*' Finally, recent extensive structure-activity comparisons de- 
signed to determine the structural requirements for sensitization by beta bloek- 
ing agents showed that their sensitizing activity is specific, ie., it is due to their 
ability to inhibit the beta pharmacological actions of the endogenously released 
adrenergic neurotransmitters or those of their exogenous counterparts.’ 

Among these findings, strategie importance may he attributed to the markedly 
enhanced reactivity of the anaphylactic guinea pig to inhalational antigen- 
challenge when, prior to aerosol exposure to the specific antigen, the animal is 
blocked beta adrenergically.’* Since the immunologically released pharmaco- 
logical mediators clicit respiratory changes in the guinea pig not unlike those in 
patients with bronchial asthma, the foregoing finding may represent a eon- 
ceptual bridge to similar studies in human beings. 

Indeed, beta adrenergic blockade has been shown to enhance bronchial re- 
activity to inhaled allergens'** or to methacholine™® in patients with seasonal 
allergic rhinitis without a previous history of bronchial asthma. By progres- 
sively increasing doses of the beta blocker, an acute airway obstruction could 
be produeed which seemed to reach an intensity that may be found in patients 
with bronchial asthma.'*? Administration of beta blockers has also been re- 
ported* *°* to aggravate already existent asthmatie conditions and to cause 
precipitous and prolonged falls in forced one-second expiratory volume (FEV,). 
Blockade of beta receptors was found to inerease significantly the bronchial 
sensitivity of asthmatic subjects to methacholine, whereas no such effect. was 
detectable in normal human subjects as judged by the change in FEV,.''° How- 
ever, by using a more specific and sensitive measurement of airway resistance, 
the whole body plethysmograph method, a 50 to 100 per cent. increase in airway 
resistance has been observed also in normal subjects in the first 30 minutes after 
the administration of a beta blocker.'"' It is important to note that in the latter 
experiments beta blockade was capable of producing airway obstruction, even 
without any simultaneous respiratory provocation such as exposure to histamine, 
methacholine, ete. These observations were confirmed by Besterman.'™: 1% Con- 
versely, production of alpha adrenergic blockade has been reported to ameliorate 
asthmatie attacks in certain cases, as well as to reduce the observed hyper- 
sensitivity to exogenously administered histamine and cholinergic agents.* 1% 

Three conelusions may be derived from these findings. First, the mammalian 
bronchial tree is in fact susceptible to sensitization by partial blockade of the 
beta adrenergic receptors. Second, of all “‘speeies” which have been examined 
so far, the human being with asthma appears to be the most susceptible to such 
sensitization. Third, the hypersensitivity so produced is manifested against 
representative members of a class of substances that could be broadly termed as 
the ‘‘pharmacological mediators’’ of antigen-antibody responses. Significanee of 
these conclusions regarding the undetermined nature of the pharmacologic ab- 
normality in asthma is seen in the fact that bacterial products may cause 
adrenergic alterations directionally identical to those produeed by pharmaco- 
logic blockade of beta receptors.'® 
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The immunological abnormality 


Atopie persons, including those with asthma, react with an abnormal immune 
response to natural exposures to antigen. The nature of this abnormality is not 
known, but it appears to involve the production of an antibody, the so-called 
reagin or skin-sensitizing antibody, possessing distinet physicochemical and 
biologieal properties. 

The production of reaginie antibody in these individuals is explained on the 
basis of a constitutional hyperresponsiveness to antigens in general, which re- 
sults in the manufacture of large amounts of antibody including those of the 
reagini¢ variety, or as a qualitative abnormality in the immune apparatus which 
results in its production. An alternative hypothesis suggests that reaginic anti- 
body is made by cells not usually engaged in antibody production but which are 
stimulated to do so against ingested or inhaled antigens by virtue of their 
strategie location in pulmonary or gastrointestinal tissues.* 

Whatever the relative merits of these explanations may be, it is reealled that 
Bordetella pertussis causes not only a pharmacological hypersensitivity but 
alters the immune response both quantitatively (adjuvant) and qualitatively 
(production of ‘‘mast cell sensitizing antibodies”). The reasons for postulating 
that the same adrenergic lesion, which is believed to be the primary pathology 
in the pertussis-induced pharmacological hypersensitivity, may also be respon- 
sible for altering the antibody response, could be summarized as follows: 

The purified component of the B. pertussis cell which is responsible for the 
histamine-sensitizing activity, the so-called histamine-sensitizing factor (HSF), 
was found to be either identical with or inseparable by a wide variety of pro- 
ecdures from the factor possessing the immunological adjuvant activity.26-124 
On. the other hand, deprivation of the normal inhibition of glucose uptake, i.e., 
the type of adrenergic abnormality which is believed to be responsible for the 
pharmacological hypersensitivity in the whole animal, was shown to be repro- 
ducible in the isolated surviving rat diaphragm 60 minutes after the in vitro 
addition of HSF to the incubation medium.*' In other words, the adrenergie 
abnormality could be reproduced in vitro by a principle of the bacterial cell 
which presently appears to be either identical with or inseparable from the 
factor possessing the adjuvant activity. Furthermore, in the same tissues in 
which HSF was found to increase the utilization of glucose, it was also shown 
to stimulate protein synthesis.*! 

It is also known that pertussis produces a striking increase in the rate of 
formation of lymphocytes in thymus, spleen, and lymph nodes,!?> #6 and it was 
shown that its ability to promote lymphocytosis closely resembles its capacity 
to produce pharmacological hypersensitivity.’ Both activities are heat labile, 
require the same time to elicit maximum response, and both are markedly aug- 
mented by intravenous administration of pertussis vaccine as compared with 
other routes of administration.?*” Selective hyperplasia of lymphoid tissues has 
also been reported to be produced by chronie administration of a_ beta 
blocker,'?*: ?°° a finding which has been subsequently confirmed in our laboratory. 
Thus, both pertussis and pharmacologic beta blockade may produce prolifera- 
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tion of lymphoid elements, i.c., of cells which are believed to be mainly asso- 
ciated with antibody formation.?”° It is of great interest, therefore, that in a 
recent note the immunological adjuvant effect of beta adrenergie blockade has 
in fact been deseribed.'"! 

In this regard, it is to be noted that the rate of mitosis of the immuno- 
competent cells is a primary factor in determining the magnitude of antibody 
production.*°*""°5 An important factor affecting the rate of mitosis, at least in 
those mammalian eells which have been studied in detail, is the energy supply 
of the eell. This in turn depends primarily on the intracellular availability of 
glucose derivatives."4" 7° Hormones whieh are capable of stimulating or inhibit- 
ing particular rate-limiting reactions in the intermediary metabolism of carbo- 
hydrates are also capable of influencing mitotie activity. Insulin, which stimu- 
lates the peripheral (extrahepatic) uptake of glucose, also increases the rate of 
mitosis.'*? Conversely, epinephrine which inhibits the peripheral uptake of glu- 
cose, also inhibits mitosis.‘4**5 In fact, of all the substances which are capable 
of inhibiting mitotic activity, epinephrine is one of the most active (Bullough 
and Laurenece’**!*8). The rate-limiting factor of mitosis, therefore, may be the 
rate of entry of glucose into the cell. In the beta adrenergically blocked mouse a 
striking increase in the normal rate of entry of glucose into several extrahepatic 
tissues was found, and the spleen, a prominent lymphoid tissue, was among 
them.’® Thus, beta adrenergic blockade could conceivably produee proliferation 
of the immunocompetent eells by preparing them to meet the high energy re- 
quirements of increased mitotie activity through the elimination of the normal 
adrenergie inhibition of glucose uptake. 

Since in most areas of adrenergic activity the alpha and beta reeeptor 
systems ave functionally associated with antagonistic responses, one would expect 
that alpha blockade would result in a suppression of mitotic aetivity in immuno- 
eompetent cells. No evidence is available that this 1s indeed the case. Neverthe- 
less, it may be noted that the most specific alpha blockers, the haloalkylamines, 
are chemically related to the nitrogen mustards and similar immunosuppressive 
agents; like the latter, the tertiary amine eyelizes to form a reactive ethyleni- 
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Schema depicting the similar chemical reactivities of the haloalkylamines (alpha adren- 
ergie blocking agents) and the nitrogen mustards (immunosuppressive agents). The tertiary 
amine c¢yclizes to form a reactive ethylenimonium intermediate, the formation of which is 
critical for specific blocking activity at the alpha site. Likewise, formation of the ethyleni- 
monium ion constitutes the initial reaction of the nitrogen mustards, 
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monium intermediate (Fig. 4), the formation of which appears to be critical for 
specific blocking activity at the alpha site.4°1! Similarly, formation of the 
ethylenimonium ion constitutes the initial reaction of the nitrogen mustards.'" 
It may be significant, therefore, that a partial suppression of the immunological 
adjuvant effect of pertussis vaccine by alpha adrenergic blockade was recently 
observed.1?# 

With this information in mind, it seems permissible to postulate that the 
adrenergic lesion of the pertussis-induced hypersensitive state, which is believed 
to be responsible for the pharmacological hypersensitivity, may also be the 
cause of the quantitative and qualitative alterations of the immune response 
seen in this condition. In a similar way, the autonomic derangement responsible 
for the pharmacologic hypersensitivity in asthma may also account for the 
immunological abnormality. In the beta adrenergic frame of reference, this 
would mean that deprivation of the normal beta adrenergic inhibition of glucose 
uptake causes certain cells of the bronchial tree to be stimulated to produce 
antibody upon natural exposures of usually innocuous antigens. 


The primary involvement of the bronchial tissue (the concept of the 
“shock organ”) 


Bronchial asthma was defined as a unique pattern of bronchial hyperre- 
activity to various stimuli. Implicit in this definition is the localized character 
(bronchial) of the hyperreactivity. Likewise, all other manifestations of atopic 
allergy (hay fever, perennial allergic rhinitis, atopic dermatitis, chronic urti- 
caria, or angioneurotie edema, ete.) may be regarded as “‘loealized” hyperre- 
activities. 

Immunologie theories of atopic discase are usually silent about the possible 
significance of this selective involvement, or the older literature simply recog- 
nizes it as a problem of the ‘‘shock organ.’ This terminology, and the ideas 
related to it, is borrowed from the historical anaphylactic analogy. They refer 
to the leading organ-response in anaphylactic phenomena, which appears to be 
determined by the site of the antigen-antibody interaction (i.e., skin in local 
anaphylaxis) or by certain anatomical characteristics of the test-species (¢.¢., 
the ‘‘obstruction-apparatus” in the smooth musculature of canine hepatie veins 
in systemic anaphylaxis). The more modern literature has considered additional 
factors, some of which may also be operative in determining the shock tissue in 
question (for a detailed analysis see Filipp and Szentivanyi"”). 

None of these ideas, however, seem to satisfactorily explain why, for in- 
stanee, one person reacts with hay fever and another with asthma to the sane 
inhaled allergen. Nor is it explained why the pharmacological hypersensitivity 
is limited to the target cells of one or more tissues instead of affecting all the 
target eclls uniformly. In asthmatie patients, for cxample, the injection of an 
otherwise nontoxic amount of histamine induces wheezing but not hives. In 
individuals with chronic urticaria, it induces hives but not wheezing. In atopic 
dermatitis the histamine flush appears at the cutancous sites of characteristic 
predilection whether or not the disease is active at the time of testing.’ 

The beta adrenergic theory proposes that the wWtimate clinical manifestation 
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of the atopie abnormality, i.e, the organ or tissue localization of the disease, is 
determined by the type of cell svstems primarily harboring the postulated enzy- 
matic abnormality. The demonstration that a pharmacologic blockade of beta 
receptors may enhance bronchial reactivity to inhaled allergens or methacholine 
in hay fever patients without a previous history of bronchial asthma is highly 
compatible with this postulate.1°* “° These findings may be interpreted to 
mean that an acute bronchial blockade of beta receptors shifted the clinical 
response from pure hay fever to bronchial asthma. 

Similarly, depending on the relative involvement of the various specialized 
cell systems (antibody producing eeclis, smooth musele cells, gland cells, epi- 
dermis, and cosinophils, ete.) in a particular case, individual variations may 
oceur in the final clinieal make-up of any of the atopic manifestations. 


Close association with respiratory infection 


The beta adrenergic theory may also explain the nature of the close relation 
between respiratory infection and asthma, whether the role of infection is 
immunological, pharmacodynamic, or both. As has been reviewed in detail, 
adrenergic imbalanee can be produced not only by the HSF of pertussis but 
also by bacterial endotoxins. Other microbial products are also known to cause 
less defined but nevertheless profound disturbances in autonomie regula- 
tion.'*: 2° #°6 In this connection no information is available at present on viruses. 
Ilowever, it is perfectly possible that viral invasion of adrenergic target eclls 
eould also produce the postulated enzymatie lesion. For instanee, viruses in 
infecting the adrenergic target eclls may impose themselves on the genetic 
apparatus of those cells. Such viral parasitism near the genetie level of the 
adrenergic target ecll may conceivably result in the production of defective 
adenvl evelase molecules unfit for effective combination with the endogenously 
released or exogenously administered catecholamines. 

Of these microbial products, the endotoxins deserve special consideration. 
Although they are generally considered to be produeed only by gram-negative 
microorganisms, materials with similar properties may be found in gram-positive 
bacteria®* + and in a variety of plant and animal tissues as well.1%'** There- 
fore, endotoxins and substances with similar pharmacodynamic aetivity are 
likely to participate in many of the respiratory infections associated with 
asthma. The possible significance of their presence will be appreciated when it 
is reealled that endotoxins are not only potent releasers of the amine mediators 
but also potent sensitizers of the adrenergic target cells (in an alpha position) 
to the eatecholamines so released.'® For instanee, when an animal is given an 
intravenous injection of | ne of purified endotoxin, followed at any time during 
the next + hours by the intradermal injection of 10 ug of epinephrine or 
norepinephrine, hemorrhagie necrosis ot considerable proportions developes at 
the injected site. In contrast, no evidence of tissue destruction can be detected 
when even as large a dose as 100 to 200 ug of epinephrine is repeatedly in- 
jected into the same skin site of a normal member of the same species." That 
this lesion is due not. to the systemic activity of endotoxin but to its local effect 
is demonstrated by the intradermal injection of an endotoxin-epinephrine 
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mixture which is capable of producing the same hemorrhagic necrosis. In these 
circumstances the endotoxin is not absorbed and has no opportunity to act 
systemically. 

A better insight into the mechanism of this necrotizing activity ean be 
obtained using the isolated rabbit ear for measuring resistance to perfused fluid 
and by studying the reactions of terminal vessels in the exteriorized mesoappen- 
dix of the rat. For instance, perfusion of a small amount of endotoxin (0.5 
vg) into the isolated rabbit ear is followed within a few minutes by a 200- to 
800-fold increase in the vasoconstrictor response to epineprine. Similarly, even a 
1,000-fold potentiation of epinephrine activity by endotoxin can be seen to 
occur in the mesoappendix.'”® 

At the receptor level, such an abnormal response could be due either to a 
hypersensitivity of the alpha or to a functional deficiency of the beta receptor 
system. A comparison of the in vitro responsiveness of arterial strips from endo- 
toxin-treated versus normal rabbits to chemical and electrical stimuli suggests 
that the lesion is associated with the relaxation mechanism of the cell.‘°° This 
would seem to argue for a beta adrenergic localization of the lesion. Indeed, 
lesions grossly resembling the endotoxin-indueed “epinephrinc-lesion” already 
described may be produced in the skin of both guinea pigs and rabbits following 
the injection of a mixture of beta blocker and epinephrine.’ Conversely, the 
local Shwartzman reaction is inhibited by alpha?*! but not by beta blockade.1* 
Also the generalized form of this reaction can be inhibited by alpha blockers'* 
as well as by making the test animal epinephrine tolerant.'** 

The principal pathology of the generalized Shwartzman phenomenon is the 
bilateral cortical necrosis of kidneys. Development of this lesion is thought to be 
related to an alteration in plasma fibrinogen, i.c., to the appearance of the so- 
ealled ‘‘heparin-precipitable fibrinogen’? (HPF), with subsequent deposition 
of this material in glomerular capillary loops causing obstruction and resulting 
in renal necrosis.1°* In aceord with this, inhibition of the generalized Shwartz- 
man. reaction by epinephrine tolerance was found to be related to prevention of 
development of the HPF in the plasma.'** 

While it is not known whether endotoxins produce a similar adrenergic lesion 
on vaseular smooth musele of the asthmatie patient, it is difficult to ignore the 
tempting analogy between these animal findings and the already mentioned 
occurrence of fibrinoid degeneration of connective tissue and blood vessel walls 
in the allergic state.***'*? Furthermore, the functional associations of adrenergic 
receptors of vascular smooth musele seem to parallel those of bronchial smooth 
muscle within the same species.'“* It is possible, therefore, that endotoxins are 
also adrenergically active on human bronchial muscle. 

However, regardless of the nature of the pharmacologieally active microbial 
agent in a given case, the fact remains that infection of the respiratory tract is 
known to inerease bronchial reactivity of both normal and asthmatic individuals 
to pharmacologic mediators.* Development of such a hypersensitivity is not 
likely to be caused by a nonspecific inflammatory effect, since administration of 
killed influenza vaceine, which has no local inflammatory activity, was also 
shown to produce pharmacological hypersensitivity. Finally, it has been 
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recently observed that patients with chronic bronchitis, who never had an 
asthmatic episode before, experienced acute asthmatic attacks during therapy 
with a beta blocker instituted for some unrelated reason,!!* 18 


Eosinophilia of common occurrence 


A peculiar distinction of eosinophils is their conspicuous association with 
allergic reactions, including asthma. However, the nature of this association and 
their role in allergic events remain to be clarified. 

Of the catecholamines, both epinephrine and isoproterenol produce eosino- 
penia, whereas norepinephrine has no such effect. The eosinopenic effect of 
eatechols is blocked by dichloroisoproterenol and by propranolol but not by 
dibenamine.**” These operations define coginopenia as a beta adrenergic action of 
eatecholamines. Consequently, an impairment of beta adrenergic mechanisms 
wotld be expected to eliminate one of the most important suppressing influences 
in the homeostatic control of eosinophils and possibly result in eosinophilia. 

It is of interest, therefore, that a recent comparison of the effect of epi- 
nephrine on circulating cosinophils of normal and asthmatic subjects showed a 
significantly reduced eosinopeniec response in asthmatie subjects.**! This may 
indicate that the beta adrenergie mechanisms are in fact impaired in asthmatic 
persons, and eosinophilia in asthma may be, in part, a result of this abnormality. 


Increased tolerance to epinephrine 


It has long been believed that asthmatic persons are somehow more tolerant 
to epinephrine than other individuals.® ** This impression has recently gained 
some experimental support by observations of reduced asthmatic responsiveness 
to catechols as measured by various systemic parameters of adrenergie reac- 
tivity, 18% 189-8 19 though some of these findings are not corroborated in 2 other 
studies, 18% 207 

Space does not permit a detailed analysis of the relative merits and short- 
comings of these studies. For our purpose here, the important point is that with 
inereasing severity of the asthmatic condition a marked resistanee to the 
bronchial and to some of the systemie activities of epinephrine may in fact be 
seen. In status asthmatieus, the majority of patients are ‘‘fast” to epinephrine.'** 
Indeed, status asthmaticus is sometimes defined as persistent severe refractory 
asthma, which is epinephrine resistant.1°' These observations are in harmony 
with the idea cxpressed carlier that it is only when a continuing serics of 
adaptive responses is demanded of the adrenergically incapacitated bronchial 
tissue that the postulated defect becomes readily manifest. 

‘Epinephrine fastness’’ cannot be explained by tachyphylaxis, because in 
bronchial preparations no such development can be seen after repeated exposure 
to epinephrine.*’? Nor ean mechanical obstruction adequately account for the 
phenomenon, since in most cases the bronchodilator activity of theophylline 
derivatives is retained and there are cases of epinephrine fastness without evi- 
dence of substantial obstruction.® Restoration of epinephrine responsiveness by 
correction of respiratory acidosis does not establish a causal relationship,’°?"!"* 
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since no consistent correlation could be found to exist between epinephrine 
fastness and acidosis.1°+ 19% 196 

On the other hand, the very existence of the phenomenon of epinephrine 
fastness may itself be an excellent argument for the beta adrenergic theory. The 
potential strength of this argument will become more evident when the phar- 
macodynamies of those drugs or procedures are considered which are still rela- 
tively effeetive in this condition. 


Eminent therapeutic effectiveness of agents which are capable of 
restoring adrenergic action 


It seems that these drugs or therapeutic interventions are capable of restor- 
ing normal adrenergic action by either (1) bypassing the biochemical site of 
the postulated beta adrenergic lesion or (2) sensitizing the beta receptors, i.c., 
lowering the receptor-threshold to catecholamine action. 

Aminophylline or other methylxanthines would seem to be representatives 
of the first category of drugs. These agents are potent inhibitors of phospho- 
diesterase, which is the enzyme responsible for the inactivation of 3’, 5’-AMP. 
Since current thinking would place this point beyond the receptor-activation 
step, it is possible that the effectiveness of these drugs in epinephrine fast in- 
dividuals and other asthmatie persons is due to their capability of producing 
adrenergic action by a bypass of the site of the postulated beta adrenergic 
blockade (Fig. 5). The type of correlation found between the phosphodiesterase- 
inhibitory and anti-asthmatic potencies of the various methylxanthines is highly 
compatible with this interpretation.2°) 2? 

The glucocorticoids could be regarded as representatives of the second eate- 


CATECHOLAMINE 


ee eee ree ee ee Terre ere ee errr errr rr re errs oe 


Adenyl Cyclase 


( Beta Adrenergic Receptor) ey Phosphodiesterase 
ATP ——+ CYCLIC 3'5-AMP 5'- AMP 


/ Methyixanthines 
/ (i.e. Theophylline etc.) 


Various Adrenergic Effects 


Fig. 5 

Schema of restoration of normal adrenergic action by methylxanthine-derivatives (amino- 
phylline, theophylline, ete.) through a bypass of the site of the postulated beta adrenergic 
blockade. 


J. Allergy 
October, 1968 


224 Szentivanys 
gory of drugs. Their value in asthma is commonly attributed to their general 
anti-inflammatory activity, though nothing more specific is known about the 
molecular mechanism of this anti-inflammatory activity. On the other hand, the 
corticosteroids are known to support the normality of the target cell responses 
to catecholamines, and it is well established that in the absence of glucocorti- 
coids the receptor-threshold for catecholamines may be raised, occasionally up 
to the point of complete unresponsiveness.'*"’? Therefore, corticosteroid depri- 
vation ean clinically simulate either an indiscriminate or a selective adrenergic 
blockade, depending on the types of effector responses tested.* 1°? Conversely, 
even. a pharmacologically established beta adrenergic blockade in an intact 
animal, ie., in an organism where normal concentrations of steroids must be 
presumed to have been present, could be overcome with an excessive amount of 
glucocorticoid administered exogenously." This indicates that the glucocorti- 
coids are capable of sensitizing the adrenergic target cells to the action of 
catecholamines. It is of further importance that neither the anti-inflammatory 
nor the catechol-potentiating activities of the steroid molecule are separable from 
its glucocorticoid properties.?°’ These considerations bring sharply into focus 
the possibility that the beneficial effects of steroids in epinephrine fast and other 
asthmatic individuals are due to their action on the beta adrenergic receptors. 

The same could apply to the previously mentioned restoration of epinephrine 
responsiveness in asthmatie patients by the administration of sodium lactate or 
bicarbonate, the mechanism of which cannot be attributed to the correction of 
respiratory acidosis since many of these cases show normal or alkaline 
pH.1 >: 196 Effeetiveness of these procedures is more easily explicable, there- 
fore, by sensitization of the adrenergic receptors to catecholamines. 


Susceptibility to a variety of unrelated precipitating factors 


Tn addition to the antigen-antibody interaction, asthmatic episodes are known 
to be triggered by a large variety of stimuli such as infection, various synthetic 
and natural chemicals, conditioned reflexes, psychic stimuli, changes in atmo- 
spheric pressure, inhalation of cold air, nonantigenic dusts, fumes, and other 
irritants, ete. Any molecular interpretation of a susceptibility to such a large 
variety of unrelated stimuli would appear to necessitate the postulate that the 
primary lesion be connected with a final common pathway operating through a 
biologically unusually broad messenger system. 

The adenyl cyclase - 3’, 5’-AMP system is the first known messenger system 
capable of responding to a wide variety of neurohumoral and hormonal agents 
subserving homeostasis. This unusually broad reactive capacity of the system 
may be explained by the latest hypothetical model of the enzyme.*! In this 
model, adenyl evelase is pictured as a single protein extending from one side of 
the cell membrane to the other and being composed of two functional subunits. 
One is a regulatory subunit facing the extracellular space, whereas the other is a 
catalytic subunit, the active center of which is in contact with the cell interior. 
The neurohumor or hormone interacts with the regulatory subunit, and this 
interaction will influence the configuration of the catalytic subunit which in 
turn will regulate the rate of synthesis of 3’, 5’-AMP, the intracellular messenger. 
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From a cybernetic point of view, 3’, 5’-AMP as a common messenger could 
represent a target molecule in a set of intracellular informational signals in- 
volved in the transduction of environmental information.1* 


Thus, the adenyl cyclase - 3’, 5’-AMP system would ideally fit the qualifi- 


cations of the postulate that the biochemical lesion of the atopie abnormality 
must be connected with a final common pathway operating through a biologi- 
cally unusually broad homeostatic messenger system. 
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